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A supported catalyst is described which can be used notably 
in the hydrogenation in the gas phase of acetylenic compounds 
containing 2 or 3 carbon atoms into the corresponding ethylenic 
compounds. The catalyst contains palladium, at least one element 
of group IB, at least one alkali metal, and alumina, and it is 
characterized in that a proportion of at least 80% of the 
palladium and a proportion of at least 80% of the element of 
group IB are present in a volume at the periphery of the defined 
catalyst between a spherical or cylindrical surface with a radius 
n corresponding to the mean radius of the pellets or extruded 
articles of catalyst and a spherical or cylindrical surface with 
a radius T2 equal to at least 0.'8ri. 

The selective hydrogenation method in the gas phase of 
acetylenic hydrocarbons containing 2 or 3 carbon atoms using 
these catalysts is also described. • 
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The invention relates to a novel supported catalyst that can 
be used notably in the selective hydrogenation in the gas phase 
of acetylenic hydrocarbons containing 2 or 3 carbon atoms into 
the corresponding ethylenic hydrocarbons. More specifically, it 
concerns a catalyst which can be regenerated and which is used 
for the selective hydrogenation of acetylenic compounds such as 
acetylene or propyne, respectively, into ethylene or into 
propylene in the gas phase. 

Ethylene is a monomer used for the preparation of a large 
number of polymers. In general it is obtained by methods for the 
pyrolysis or. the steam cracking of hydrocarbons. The ethylene so 
produced contains small quantities of acetylene (generally less 
than 3%) which have to be eliminated before use. The contents of 
acetylene in ethylene which are generally tolerated for its use 
in the manufacture of polymers are generally less than 10 ppm and 
usually less than 5 ppm. 

One of the techniques used to eliminate the acetylene in the 
ethylene is to hydrogenate it selectively into ethylene in the 
presence of a palladium-based catalyst that is supported on a 
refractory support, such as alumina. The problem generally 
encountered with the monometallic catalyst (consisting only of 
palladium supported on alumina) is that, when the operating 
conditions are set so as to allow the total elimination of the 
acetylene, a part of the ethylene is also converted into ethane. 
In addition, these monometallic catalysts generally present 
relatively low stabilities because of the high level of formation 
of oligomers, which progressively cover the surface of the 
catalyst under the reaction conditions. This hydrocarbon deposit 
can certainly be eliminated by methods of controlled oxidation, 
but, in an industrial method, it is advantageous to have as long 
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as possible a duration of operation of the catalyst between two 
regeneration steps. 

To improve the properties of the catalysts, the addition of 
promoters to the palladium has been described long ago. These 
additions can be, for example, silver (US-A-2, 802, 889) , iron and 
silver (US-A-3, 243, 387 ) . 

These promoters can also be chosen from the alkali or 
alkaline-earth metals, such as lithium (US-A-3, 325, 556) , 
potassium (European Application EP-A-124 , 744) , or calcium 
(US-A-A-4,329,530) . 

Both for the monometallic catalysts (catalysts based on 
palladium only) and for promoted catalysts (catalysts containing 
palladium and at least one other element), persons skilled in the 
art know that when palladium is concentrated on the surface of 
the pellets of. said catalyst, its catalytic performances are 
clearly superior to those of a catalyst with the same formula 
where the palladium is distributed homogeneously in the catalyst 
pellets. For example, in the case of the use of the bimetallic 
palladium-silver formulas, it has been discovered that when the 
palladium was located at the periphery of the pellets of the 
catalyst and when the silver was distributed homogeneously there, 
this [distribution] imparted better properties to said catalysts 
(US-A-4, 404, 124 ) , notably a reduction in the formation of ethane 
and of oligomerization products. 

Moreover, there is the known Japanese Patent Application 
JP-A-04, 108,540, which describes catalysts for the selective 
hydrogenation in the liquid phase of 1, 3-butadiene in which the 
silver is precipitated and supported at the surface of the 
palladium. In these catalysts, the support consists of alumina 
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with a relatively high specific surface area, and the ratio by 
weight of Ag:Pd is 0.3-5-0/ preferably 0.5-3.0, 

It has now been discovered surprisingly that it is possible 
advantageously to conduct the selective hydrogenation in the gas 
phase of acetylenic hydrocarbons containing 2 or 3 carbon atoms 
(acetylene or propyne) into the corresponding ethylenic 
hydrocarbons (ethylene or propylene) by using a catalyst in the 
form of pellets or extruded articles containing palladium; at 
least one metal of group IB of the periodic table, at least one 
alkali or alkaline-earth metal, and alumina, in which a 
proportion of at least 80% of the palladium and a proportion of 
at least 80% of the metal of group IB are present in a volume at 
the periphery of the catalyst delimited by a spherical or 
cylindrical surface with a radius ri corresponding to a mean 
radius of the pellets over the extruded articles of catalyst and 
a spherical or cylindrical surface with a radius r 2 equal to at 
least 0.8ri. 

In the case of catalysts in the form of pellets or extruded 
articles, r x and zz can be represented as follows: 




More particularly, the palladium content is 0.01-0.5 wt% of 
the catalyst, preferably 0.025-0.05 wt%. The group IB element is 
usually silver, at a content of 0.001-0.02 wt%. Advantageously, 
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the ratio by weight of silver :palladium is 0.05-0.04, and 
preferably 0.05-0.25. 

The content of alkali metal or alkaline-earth metal of the 
catalyst is chosen so that the atomic ratio of alkali or 
alkaline-earth metal over palladium is 2-20, preferably 4-15. 
This content is preferably 0.05-0.2 wt% of the catalyst. 

As alkali metal, it is preferred to use sodium or potassium. 

The support used is an alumina and preferably an a-alumina. 
Routinely, it is used in the form of pellets having in general 
diameters of 2-4 mm. The characteristics of the alumina used are 
generally as follows: a specific surface area of 5-150 m 2 /g; a 
pore volume of 0.3-0.95 cm 3 /g and a pore diameter of more than 
100 A. These different characteristics are determined by the 
analytical techniques known to a person skilled in the art. 

The palladium can be introduced according to the techniques 
which are known to a person skilled in the art and which allow 
the obtention of a distribution of the palladium on the surface 
of the supported pellets which corresponds to the criteria 
described above. The proper distribution of the palladium can be 
verified using the standard techniques, for example, the Castaing 
microprobe. The palladium can be introduced, for example, by 
techniques for the impregnation of an aqueous or organic solution 
of a precursor of palladium. This precursor can be, for example, 
a mineral compound such as palladium chloride, palladium nitrate, 
tetraamminepalladium dihydroxide, tetraamminepalladium chloride, 
or an organometallic compound, such as, for example, palladium 
bis-7t-allyl, or palladium bisacetylacetonate . 

The group IB element, particularly silver, is introduced in 
such a manner that it remains concentrated at the periphery of 
the pellets of the support. The analysis of the silver content 
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after controlled abrasion of the catalyst pellets ensures a 
proper distribution of the silver in the catalyst pellets. The 
precursor generally used is silver nitrate. Silver acetate, 
silver citrate/ silver chloride, and silver carbonate can also be 
used, for example. 

The alkali or alkaline-earth metal is introduced according 
to techniques known to a person skilled in the art. The 
precursors generally used are the nitrates, acetates, chlorides, 
carbonates, and hydroxides. 

The three elements can be introduced from a common solution 
of three precursors or from separate solutions containing one or 
two elements. In the latter case, drying, calcining, or reduction 
treatments at temperatures of 120-900°C can optionally be 
conducted between two consecutive steps of impregnation. 

When the palladium and the group IB element are introduced 
form different solutions, the preparatory techniques which can be 
used are, for example, those described in US-A-4, 533, 779, which 
uses silver .chloride as precursor, or in US-A-4, 504, 593, which 
uses silver citrate as precursor. 

The catalyst so obtained is generally dried at temperatures 
between room temperature and 150°C. The catalyst so dried can be 
used as it is or, most frequently, it is preferred to calcine it 
in order to decompose the metallic precursors and/or to reduce it 
before use. The calcining is generally conducted by treating said 
catalyst under a flow of air at a temperature of 400-900°C. The 
reduction can be conducted by a treatment of the catalyst with a 
gas containing hydrogen at a temperature between room temperature 
and 500°C. 

The invention also concerns a hydrogenatiori method which can 
be defined in a general manner by the fact that it consists of 
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the passage into the gas phase of a charge containing notably at 
least one acetylenic hydrocarbon containing 2 or 3 carbon atoms 
(acetylene or propyne) in the presence of hydrogen on a catalyst 
as described above. 

This method applies more particularly to the hydrogenation 
of the acetylene present in a gas which in addition contains 
ethylene. In order to approximate the reaction conditions which 
allow the complete elimination of the ethylene, the molar ratio 
of hydrogen to acetylene is generally 1-2, the temperature of the 
reaction is generally 25-100°C, and the pressure is generally 
1-5 MPa. The flow rate of charge expressed in liters of gaseous 
charge per liter of catalyst and per hour is generally between 
1,000 and 10,000 IT 1 . 

During use, the catalyst is deactivated because of a deposit 
of hydrocarbon compounds, which gradually cover the active phase. 
When the performances of the catalyst are considered to be 
insuf f icient, . the catalyst can be regenerated. The regeneration 
of the catalyst is conducted by the controlled combustion of the 
hydrocarbon species present on it. This combustion is conducted 
under conditions known to a person skilled in the art, in general 
by gradually heating the catalyst in the presence of an oxygen- 
containing gas at a temperature of 350-500°C. 

The nonlimiting examples that follow illustrate the 
invention. Examples 3 and 4 are given for comparison. 

Example 1 ; Preparation of catalyst A (according to the invention) 

A catalyst according to the invention (Catalyst A) is 
prepared by the impregnation of 100 g of a support based on 
a-alumina with 60 mL of a solution of nitric acid, palladium 
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nitrate, and sodium nitrate. The support used is in the form of 
pellets having a diameter of 2-4 mm and a specific surface area 
of 10 m 2 /g and a pore volume of 0.6 crnVg. After the 
impregnation, the catalyst is dried at 120°C and calcined under 
an air flow at 750°C. The catalyst A so obtained contains 
0.05 wt% palladium, 0.005 wt% silver, and 0.05 wt% sodium. The 
mean distribution of the metallic elements in the catalyst grains 
is represented in Figure 1. 

In the diagram, the radii are plotted on the abscissas in 
micrometers; on the ordinates, on the left, the local 
concentrations by weight of palladium are represented by (□) , 
and on the right, the local concentration by weight of silver, in 
the form of histograms. 

These analyses show that 84% of the silver is concentrated 
in a volume delimited by a sphere having a radius of r x of 1.5 mm 
and a sphere having a radius of r2 of 1.39 mm. The ratio r2:ri is 
thus equal to 0.93 and thus clearly greater than 0.8. With regard 
to the palladium, 94% of the palladium is concentrated in a 
volume delimited by a sphere with a radius r* of 1.5 mm and a 
sphere with a radius r 2 of 1.2 mm. The ratio r 2 :ri is here equal 
to 0.8. The distribution of the elements in the catalyst grain is 
thus indeed in conformity with the invention. 

Example 2 : Preparation of catalyst B (according to the invention) 

A catalyst according to the invention (Catalyst B) is 
prepared by the impregnation of 100 g of a support based on 
cc-alumina with 60 mL of a solution of nitric acid, palladium 
nitrate, silver nitrate, and sodium nitrate. The support used is 
in the form of pellets having a diameter of 2-4 mm and a specific 
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surface area of 10 m 2 /g and a pore volume of 0.6 cmVg. After the 
impregnation, the catalyst is dried at 120°C and calcined under 
an air flow at 750°C. The catalyst B so obtained contains 0.05 
wt% palladium, 0.010 wt% silver, and 0.05 wt% sodium. The mean 
distribution of the elements in the catalyst grains is in 
conformity with the invention. 

Example 3 : Preparation of catalyst C (comparative) 

A catalyst- G is prepared according to the same procedure as 
in Example 1, except that an impregnation solution is used which 
contains nitric acid, palladium nitrate and sodium nitrate. The * 
catalyst C so obtained contains 0.05 wt% palladium and 0.05 wt% 
sodium. The analysis by Castaing microprobe of the catalysts A 
and C does not reveal any significant dif-ferences in the 
distribution of the palladium between these two samples. 

Example 4 : Preparation of catalyst D (comparative) 

Catalyst D is prepared by immersing, at room temperature, 
100 g of support in 120 mL of an aqueous solution of silver 
nitrate containing 8 mg of silver. The catalyst is stirred for a 
few minutes. The supernatant solution is then eliminated. The 
catalyst is dried at 120°C and calcined at 500°C. 60 mL of a 
solution of nitric acid, palladium nitrate, and sodium nitrate 
are then used to impregnate the surface of this catalyst. After 
the impregnation, the catalyst is dried at 120°C and calcined 
under an air flow at 750°C. The catalyst D so obtained contains 
0.05 wt% palladium, 0.005 wt% silver, and 0.005 wt% sodium. The 
analysis by Castaing microprobe of the catalysts A and D does not 
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reveal any significant differences in the distribution of the 
palladium in these two samples. Moreover, the analysis of the 
silver content after the controlled abrasion of the catalyst 
pellets does not allow the identification of any difference in 
the concentration of silver in the catalyst pellets. 

Example 5 : Preparation of catalyst E (according to the invention) 

A catalyst according to the invention (Catalyst E) is 
prepared by the impregnation of 100 g of a support based on 
a-alumina with 60 mL of a solution of nitric acid, palladium 
nitrate, silver nitrate, and sodium nitrate. The support used is 
in the form of pellets having a diameter of 2-4 mm, a specific 
surface of 10 m 2 /g and a pore volume of 0.6 cm 3 /g. After the 
impregnation, the catalyst is dried at 120°C and calcined under 
an air flow at 750°C. The .catalyst E so obtained contains 
0.05 wt% palladium, 0.020 wt% silver, and 0.05 wt% sodium. The 
average distribution of the elements in the grains of catalysts 
is in conformity with the invention. 

Example 6 : Preparation of catalyst F (according to the invention) 

A catalyst according to the invention (Catalyst F) is 
prepared by the impregnation of 100 g of a support based on 
a-alumina with 60 mL of a solution of nitric acid, palladium 
nitrate, silver nitrate, and sodium nitrate. The support used is 
in the form of pellets having a diameter of 2-4 mm and a specific 
surface area of 10 m 2 /g and a pore volume of 0.6 cm 3 /g. After the 
impregnation, the catalyst is dried at 120°C and calcined under 
an air flow at 750°C. The catalyst F so obtained contains 



12 



0.05 wt% palladium, 0.010 wt% silver, and 0.1 wt% sodium. The 
mean distribution of the elements in the catalyst grains is in 
conformity with the invention. 

Example 7 : Comparison of the hydrogenation properties of the 
different catalysts 

The catalytic tests are conducted with catalysts A, B, C, D, 
E and F to determine their selectivity and their stability during 
the hydrogenation of the acetylene contained in a charge 
containing 98 wt% ethylene and 2 wt% acetylene. 

15 mL of the catalyst tested are first placed in a vertical 
steel reactor. This reactor is then placed in an oven, which 
allows the control of a temperature. In the first step, the 
catalyst is reduced under a hydrogen flow at 150°C for 2 h at 
atmospheric pressure. The temperature is then regulated to 50°C, 
the flow rate of hydrogen is set at 1.5 L/h' 1 , and the pressure, 
at 2.5 MPa. The charge, consisting of 98 wt% ethylene and 2 wt% 
acetylene is then injected with a volume flow rate corresponding 
to a space rate of 3,300 h~ l . The analysis of the gaseous 
effluent at the output of the reactor is conducted by gas 
chromatography. Under these conditions, the stability of the 
catalyst is defined as the time starting at which the acetylene 
is detected at the output of the reactor. The selectivity of the 
catalyst corresponds to the ethylene content of the charge after 
the total elimination of the acetylene. The results obtained are 
reported in Table I. 
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Table I. Comparison of the performances of the catalysts A, B, C, 
D, E and F for the hydrogenation of the acetylene 
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These results clearly show that the catalysts according to 
the invention (catalysts A, B, E or F) present catalytic 
performances (stability and selectivity) that are superior to 
those of the monometallic catalysts (catalyst C) or those of the 
catalysts in which the silver is distributed uniformly in the 
catalyst pellets (catalyst D) . 

Example 6 (sic; 8] : Regeneration of a catalyst according to the 
invention 

After the use of catalyst A for 120 h under the conditions 
of the Example 7, catalyst A is regenerated- In this regeneration 
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procedure, the catalyst is heated at 200°C under nitrogen, and 
then it is treated under a flow of diluted air at a temperature 
of 200-500°C to burn the hydrocarbon compounds present on the 
catalyst . 

After the regeneration, the performance of the regenerated 
catalyst A is evaluated under the conditions of Example 7. The 
performance of such a regenerated system is reported in Table II 
" below. 



Table II 
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These results show that, taking into account the 
experimental error, the performance of the regenerated catalyst A 
in the hydrogenation of acetylene is the same as those of fresh 
catalyst. 

Claims 

1. Catalyst, notably for the selective hydrogenation of 
acetylenic hydrocarbons in the gas phase, comprising a support 
made of alumina in the form of pellets or extruded articles, 
palladium, at least one metal of group IB of the periodic table 
and at least one alkali or alkaline-earth metal, characterized in 
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that a proportion of at least 80% of the palladium and a 
proportion of at least 80% of the metal of group IB are present 
in a volume at the periphery of the catalyst delimited by a 
spherical or cylindrical surface with a radius ri corresponding 
to the mean radius of the pellets or extruded articles of 
catalyst and a spherical or cylindrical surface with a radius of 
r 2 equal to at least 0.8ri. 

2. Catalyst according to Claim 1, characterized in that the 
alumina has a specific surface area of 5-150 m 2 /g. 

3. Catalyst according to Claim 1 or 2, characterized in that 
the alumina has a specific surface area of 5-60 m 2 /g. 

4. Catalyst according to one of Claims 1 to 3, characterized 
in that its palladium content is 0.0i-0.5 wt%. 

5. Catalyst according to one of Claims 1 to 4, characterized 
in that the content of group IB element is 0.001-0.02 wt%. 

6. Catalyst according to one of Claims 1 to 4, characterized 
in that the group IB element is silver, 

7. Catalyst according to one of Claims 1 to 6, characterized 
in that the content of alkali or alkaline-earth metal is 
0.05-0.2 wt%. 

8. Catalyst according to one of Claims 1 to 7, characterized 
in that the weight ratio of group IB metal to palladium is 
0.05-0.4. 

9. Catalyst according to one of Claims 1 to 7, characterized 
in that the atomic ratio of alkali or alkaline-earth metal to 
palladium is 2-20. 

10. Method for the selective hydrogenation in the gas phase 
of at least one acetylenic hydrocarbon containing 2 or 3 carbon 
atoms into the corresponding ethylenic hydrocarbon, characterized 
in that a charge in the gas phase, comprising at least an 
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acetylenic hydrocarbon with 2 or 3 carbon atoms, is passed over a 
catalyst according to one of Claims 1 to 5 in the presence of 
hydrogen . 
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Unvemion concern* un nouveau catalyseur support* utillsable 
notamment dans I'hydrogdnation selective an phaaa gazeuse das 
hydrocarbures acetyleniques da 2 ou 3 atomes da carbone en las 
hydrocarbures ethyliniques correspondents. Ella concerns plus 
particulierement. un catalyseur regdnerable pour rhydrogenatlon selective 
de composes acetyleniques tela que I'ecetylene ou le propyne. 
respectivement en ethylene ou en propylene en phese gazeuse. 

L'ethylene est un monomere utilise pour la preparation (fun grand 
nombre de polymeres. II est generalement obtenu par des prooedds de 
pyrolyse ou de vapocraquage d'hydrocarbures. UethytAne alnsl prodult 
contient de falbles quantltes tfacetylene (generalement Interteures a 3 %) 
qu'il est neceasaire d'Ollmlner avant utilisation, le* tenours en ecetytene 
dans ('ethylene g*n4ratement toldrees pour son utilisation pour la 
fabrication de polymires sont generalement infWeures a 10 ppm et le plue 
souvent interieures a 5 ppm. 

Une des techniques utilises pour eliminer l'acetyl*ne dans 
rethyidne est de rhydrog*ner selectivement en ethylene en presence tfun 
catalyseur a base de palladium support* sur un support rtfractelre tel que 
ralumlne. Le probieme g*n*ralement renconlr* avec les catalyseurs 
monometalliques (constituds unkjuement de palladium support* sur 
alumJne) est que. lorsque les conditions operatolres sont amenees pour 
permettre rumination totals de I'acetyftne, une partle de Ethylene est 
aussi convertie en ethane. Oe plue. ces catalyseurs monomStalllquee 
presented gdneralement des stabiles relatlvement falbles du fait de la 
formation importante d'otigomeree qui recouvrent progressive*** la 
surtace du catalyseur dans lee conditions reectlonnelles. Ce depot 
hydrocarbons peut certes etre ellmlne par des precedes cfoxydatlon 
manages, mals il est avantageux. dans un proc*d* Industrie!, tfavoir une 
duree de foncttonnement du catalyseur entre deux regenerations la plus 
importante possible. 



2720936 

2 

Pour amdlio/or fes propriMs des catalyseurs, rajout au palladium 
do promoteurs A do puis longtamps M (Merit. Ce$ ajouts peuvent Atra par 
example Pargent (brevet US- A- 2 602 860), la far at rargent (brevet 
US-A-3 243 387) . 
5 ' 

Ces promoteure peuveni 4galement 4tre cholsfs parmi lea mdiaux 
alcalins ou alcaflno-terreux, tela que ta lithium (brevet US-A-3 325 556), to 
potassium (demande EP-A-124 744) ou le calcium (brovet US-A-4 329 
530). 

10 

Que ce aoit pour lee catalyseurs monom4ta!fique* (catalyseurs k 
base de palladium unlquement) ou lea catalyseurs promus (catalyseurs 
comprenant du palladium et au molns un autre dtement), il est connu par 
rhomme du miliar que lorsqua le palladium est concerns k la surface dee 

15 billes dudit catalyseur, ses performances catalytlquas sent nettement 
sup$rieures k eeltes d'un catalyseur de formula Identique pour lequel la 
palladium est rlpart de fajon homogfrne dans tes billes de catafyseur. Par 
example dans le cas de ('utilisation del formulas blmtftalllques palladium* 
argent, II a 6\6 d4couvert que loreque le palladium 4taJt situl k la p4riph4rfe 

20 des billes du catalyseur et que rargent y italt rdpartJ de fa$on homogAne, 
cecl conWrait audit catalysaur de mellleures proprWtda (brevet US-A-4 404 
124), notamment la formation moina importante d'dthana at de produits 
rfollgomdrlsatlon. 

25 On connaft par ailleurs la demande de brevet Japonais 

JP-A04 108 540 qui cttcrit des catalyseurs d*hydrog4natron selective en 
phase fiquide du butadttne-1, 3, dans lesquels de rargent eat prddpltf et 
supports k la surface du palladium. Dans ces catalyseurs, le support 
consiste en de I'alumlne de surface spdclflque relatlvement 6lev6e et le 

30 rapport ponddral Ag/Pd est de 0,3 k 5,0, de prifdrence de 0,5 k 3,0. 

On a maintanant ddcouvart de fagon surprenante quit tftait possible 
de rdatiser avantageusement rhydrog4nation selective en phase gazeuse 
des hydrocarbures acfltyliniques de 2 ou 3 atomes de carbones (ac4ty!*ne 
35 ou propyne) en tes hydrocarbures 6thyl6nlques correspondents (4thyl$ne 
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ou propylene) en utHsant un catalyseur sous forme de bides ou tfextiudes 
contenant du palladium; au moins un metal du grcupe IB de la 
classification pertodique, au moins un metal ateatln ou atcaBno-terreux et 
de ralumine. dans lequel une proportion (fau moina 80 % du palladium et 
une proportion <jau molns 80 % du metal du groupe IB eont presentee 
dans un volume a la peripheric du catalyseur delimit* par une eurfaoo 
epherique ou cyllndrique de rayon n correspondent au rayon moyen dee 
billes ou dee extrudes de catalyseur et une surface spherlque ou 
cylindrique de rayon r'2 au molns egal a 0,8 ri . 

Oans le cae de caialyseura sous forme de billes ou tfextrudes, n et 
r2 peuvent dtra represents comme suit : 




Plus partlculierement. la leneur en palladium est comprise entre 0,01 
et 0 5 % en polde du catalyseur, de preference entre 0.026 et 0,05% en 
poid's. L'eiement du groups IB est le plus souvent rargent. sous una teneur 
comprise entre 0.001 et 0,02 % en polds. De facon avantageuse. le rapport 
20 ponderal argent/palladium est comprie entre 0.05 et 0.4 et de preference 
entre 0.05 et 0.26. 

La teneur en metal alcalin ou alcallno-terreux du catalyeeur est 
choisie pour avoir un rapport atomique metal ateain ou alcallno-terreux sur 
25 palladium compria entre 2 et 20 et de preference entre 4 et 15. Carte teneur 
est de preference comprise entre 0,05 at 0,2 % en po.de du catalyseur. 

A litre de metal alcalin, on met en jeu da preference le sodium ou le 
potassium. 

30 

La aupport utilise est une alumina et de preference una alumina 
alpha. O'une facon courante. II est utilise sous la forme da billes de 



2720996 

4 

diamdtres gdndralement compris entre 2 et 4 mm, Les caracterfstiquea do 
ralumlne utilise sont generaiement Its sufvantes : una surface spldflqu* 
comprise antra 5 et 150 m*/g ; un volume poreux de 0,3 h 0,85 cm3/g et un 
diamdtre de pores sup4rfeur A 100 A. Cas difttrentes caractertstlquee sent 
ddtarmindes paries techniques d'analyae connues par rhomme du metier. 

Lb palladium peul dire introduit selon tea techniques connues par 
rhomme du metier permettant d'obtenlr une repartition du palladium ft ta 
surface des bflles de support, qui correspond aux entires ddcrits plus haul. 
La bonne repartition du palladium pout *tre verlfiee par les techniques, 
ctasslques telies que par example la microsonde de Castalng. La 
palladium peut par example etre Introduit par des techniques 
^impregnation de solution aqueuse ou organlque (fun prlcurseur de 
palladium. Ce pricurseur peut par example Atre un compos* mineral tel 
qua le chiorure de palladium, le nitrate de palladium, le palladium 
tetrammine dihydroxyde, le chiorure de palladium tetrammine. ou un 
compos* organometalRque, tel que par example le palladium bis x aByi, ou 
le palladium bis acetylacetonate. 

UiWment du groupe IB, en particuBer rargent. est introduit de telle 
sorte qui! rests concents ft la p6riph6rfe des bides du support L'analyse 
de 

la teneur en argent aprfta abrasion contrfiiee des billes de catafyseur 
permet de s'assurer de la bonne repartition de rargent dans ies botes da 
catalyseur. Le prdcurseur generaiement utilise est le nitrate <Targ«nt. 
Uacetate d'argent. le citrate d'argent. la chiorure d'argent, le carbonate 
d'argent peuvent par example aussi etre utilises. 

Le mdtal atcafin ou alcaflno-terreux est introduit selon les techniques 
connues par rhomme du metier. Les precurseurs generaiement utilises 
sont les nitrates, tes acetates, les chtorures les carbonates, les hydroxydes. 

Les trois elements peuvent Stre introduits 4 partir d'une solution 
commune de trois precurseurs ou ft partir da solutions separees contenant 
un seul ou deux elements, Oans ca dernier cas, des traitements de 
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sechage de calcination ou de reduction I das temperatures comprises 
antra 120 K at 900 «C pauvant eventueltsment aire rfaflseea antra deux 
atapes tfiropregnation coniecutives. 

5 Loreque la palladium at relement du groupe IB sont Introduits a partlr 

da solutions ditferentes. las tachnlquas da preparation qui pauvant etre 
employees som parexemple calles decrites dans la bravet 
US A-* 533 779, qui utMaa la chterure tfargent comma precureeur ou dans 
le bravet USA-4 504 593. qui utilise la citrate tfargent comma precureeur. 

10 - ta catalyseur aim! obtenu est generalement seen* a das 
temperatures comprises entre la temperature amblante at 150 *C. Le 
catalyseur ainsi seche peut etre utilise tel que ou, la plua souvent, N est de 
preference calcine afln de decomposer les precureeure rndtalDques et/ou 

1 5 reduit avant utilisation. La calcination est generalement niallaee 

todlt catalyseur sous flux tfair a une temperature comprise entre 400 *C et 
900 'C. La reduction peut etre reaflsee par traitement du catalyseur par un 
gaz contenant da I'hydrogene a una temperature comprise entre la 
temperature amblante at 500 »C. 

20 

Llnventlon concerne aussi un precede d'hydrogenatlon qui peut «tre 
defini d'une maniere generate par te fait qull comprend le passage en 
phase gazeuse d'une charge contenant notammant au molns un 
hydrocarbure acetylenlque de 2 ou 3 atomes de carbona (acetylene ou 
25 propyne) en presence d'hydrogene sur un catalyseur tal que deem 
pr6c6demment. 

Ce procede s'epplioue plus particulterement k rhydrogenation de 
racatyiena present dans un gaz ccntenant en outre da rethytene Afln de 
30 s'approchar das conditions reacilonneites qui permettent deiimlner 
totalement .'acetylene, la rapport molalre hydrogene eur aedtytene as 
in raternent comprie entre 1 e« 2, la temperature de la read.cn est 
eneralement comprise entre 25 'C et 100 -C, a prass-on est 
' generalement comprise entre 1 et 5 MPa. Le debit.de charge exprime en 
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litre de charge gazeuse par litre de catalyseur et par heure est 
gdndralemenl comprfs antra 1000 et 10 000 h #1 . 

Au cours de rutilisatlon, le catalyseur se desactlve du fait d\m cWpdt 
S de composes hydrocarbones recouvrant progresslvement (a phase active. 
Lorsque les performances du catalyseur sent jugles Insuffisantes, fe 
catalyseur peut dtre r4g6n6r*. La regeneration du catalyseur est realises 
par combustion contrfliee das espftces hydrocarbonees presents* sur 
celui-ci. Cette combustion est reallsee dans Its conditions connues de 
10 rhomme. du metier, gdn^ralement en chauffant progresaivement le 
catalyseur an presence d'un gar contanant da Toxygdne A una 
temperature comprise antra 350 at 500 *C. 

Les examples non limitatifs qui suivant lllustrent rinvantion. Las 
1 5 examples 3 at 4 sont donnts & titre de comparaison. 

EXEMPLE 1 ; Preparation du catalyaaur A (talon rinvantion) 

Un catalyseur salon ('Invention (Catalyseur A) est prepare par 
20 Impregnation de 100 g d'un support & bass cTalumlna alpha par 60 ml 
cfune solution d'acide nltrtque, da nitrate de palladium et de nitrate de 
sodium. Le support utilise se presents sous forma de Wiles de 2 & 4 mm de 
dlametre ayant une surface specifique de 10 m2/g et un volume poreux de 
0,6 cm3/g. Aprts impregnation, le catalyseur est seche 4120 *C et calcine 
25 sous air * 750 *C. Le catalyseur A ainsi obtenu contort en poids 0,05 % 
de palladium, 0,005 % d'argert at 0.05 % de sodium. La repartition 
moyenne das elements metaWques dana les grains de catalyseur, est 
representee figure 1 . 

30 Sur le diagramme, on a porte en abscisses les rayons en 

micrometres et en ordonneee. d gauche les concentrations ponderales 
locales en palladium representees par des P) et & droite, la concentration 
ponderate locale en argent, sous forme (fWstogramms. 
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Ces analyses montrent qua 34 % do rargent est concentre dans un 
voluma delimit* par una sphere da rayon t\ da 1.5 mm at una sphere da 
rayon r 2 de 1.39 mm. La rapport r 2 /ri est done egal a 0.93 at done Wan 
superteur a 0.8. En ca qui concerne le palladium, 94 % du palladium est 
concentre dans un volume delimit* per una sphere de rayon n de 1.5 mm 
at una sphere de rayon r 2 de 1 .2 mm. Le rapport rjj/n est lei egal a 0.8. La 
repartition das elements dans le grain de catalyseur est done blen 
conforme a Invention , 
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EXEMPLE 2 : Preparation du cetalyeeur B (wton Hnventlon) 

Un catalyseur salon (Invention (Catalysaur B) est prepare par 
5 impregnation de 100 g tfun support 4 base d'alumint alpha par 60 ml 
tfune solution cfacide nitrique, de nitrate de palladium, de nitrate cfargent 
et de nitrate de sodium. Le support utilise se presents sous forme da bllles 
de 2 a 4 mm de dlamdtre ayant une surface splclflque de 10 m 2 /g et un 
volume poreux de 0,6 cm3/g. Aprds impregnation, le catalyseur est seche * 
1 0 1 20°C et calcine sous air k 750'C. Le catalyseur B alnsl obtenu contlent en 
poids 0,05 % de palladium, 0.010 % d'argent et 0,05 % de sodium. La 
repartition moyenne des elements dans les grains de catalyseurs est 
conforms k Invention. 

15 EXEMPLE 3 : Preparation du catalyseur C (comparatlf) 

Un catalyseur C est prepay seion la mdme procedure que dans 
rexemple t, mats en utilisant une solution dlmpregnatlon oontenant de 
racide nitrique, du nitrate ds palladium et du nitrate de sodium. L# 
20 catalyseur C alnsi obtenu contlent en poids 0.05 % de palladium et 0,05 % 
de sodium. L'analyse par mlcrosonde de Castalng dss catalyseurs A et C 
ne permet pas de mettre en evidence dee differences eigniflcativea de 
repartition du palladium entrs ces deux echantiltona. 

25 EXEMPLE 4 ; Preparation du catalyseur D (Comparatlf) 

Un catalyseur 0 est prepare an immergeant k temperature amblante 
100 g de support dans 120 ml cfune solution aqueuse de nitrate d'argent 
contenant 8 mg d'argent. Ls catalyseur eat lalss* quelques minutes sous 

30 agitation. La solution surnageante est alors etiminee. Le catalyseur est 
alors seche k 120°C et calcine k 500'C. Sur ce catalyseur, on Imprftgne 
alors 60 ml (Tune solution rfacide nitrique. de nitrate de palladium et de 
nitrate de eodlum. Aprts impregnation, le catalyseur est seche k 120*0 et 
calcine sous air k 750°C. Le catalyseur 0 alnsi obtenu contient en poids 

35 0,05 % da palladium, 0.005 % (fargent et 0,005 % de sodium. L'analyse 
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par microsonde de Castalng das caialyseurs A at 0 na parmat pas da 
mettre an evidence des differences slgniflcatlves da repartition du 
palladium dans cas deux echamlilons. Par aMeurs, ranaiysa da la teneur 
en argent apres abrasion controiee des bines de catalyseur, na permet pas 
5 d'ldentifier da difference de concentration en argent dane lee billee de 
catalyseur. 

EXEMPLE $ ; Preparation du catalyseur E (aelon I'lnventlon) 

10 Un catalyseur selon I'lnventlon (Catalyseur E) est prepare par 

Impregnation de 100 g (fun support a base rfalumine alpha par 60 ml 
tfune solution cfacide nltrlque. da nitrate de palladium, da nitrate rfargent 
at de nitrate da sodium. La support utilise se presente sous forme de billes 
de 2 a 4 mm de dlametre ayant una surface spedflque de 10 m2/g at un 

1 5 volume poreux de 0.8 cm3/g. Apres Impregnation le catalyseur est sechd a 
120°C et calcine sous air k 750 : C. Le catalyseur E ainai obtenu contlent en 
polds 0.05 % de palladium. 0.020 % rfargent et 0.05 % de sodium. La 
repartition moyenne des elements dans les fjralna da catalyseurs est 
contorme k Onvention. 

20 

EXEMPLE 6 : Preparation du catalyseur f (selon I'lnventlon) 

Un catalyseur selon I'inventlon (Catalyseur F) est prepare par 
impregnation de 100 g d*un support h base (falumlne alpha par 60 ml 

25 tfune solution d'acide nitrique. de nitrate de palladium, de nitrate rfargent 
et de nitrate de sodium. La support utilise se presente sous forme de bides 
de 2 a 4 mm de diametre ayant une surface spedflque de 10 m2/g et un 
volume poreux de 0.6 cm3/g. Apres impregnation le catalyseur est steho * 
1 20 e C et calcine sous air k 750*C. Le caialyseur F alnsl obtenu contlent en 

30 polds 0.05 % de palladium. 0.010 % rfargent et 0.1 % de sodium. La 
repartition moyenne des elements dans les grains de catalyseurs est 
conforme k Hnvention. 
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EXEMPLE 7 : Comparison des proprletee hydrogenantes dee 
different* ©atalytaura 

5 Les tests catalytiques loot realises sur les catalyseurs A, 8, C. 0. E et 

F pour determiner tour selectivlte et tour stability tort dt rhydroQenatlon de 
racetylene contenu dans una charge contenant 98 % an potta Methylene 
el 2 % an paid* tfacetylene. 

10 1 5 ml du catalyaour a taster sont d'abord places dans un reacteur 

vertical en acier. Ca reacteur est alors place dans un four permettant de 
controler la temperature. Dans un premier temps la catalyseur est reduit 
sous courant d'hydrogene a 150*C pandant 2 heures sous prasslon 
atmosphenque. La temperature est alors portee a M'C, to debit 

15 d'hydrogene a 1,5 1*1 el la pression a 2,5 MPa. la charge, composee de 
98 % en poids Methylene et de 2 % an poids d'acetylene est alors Injectee 
avec un debit volumique correspondent 4 una vltesse spallale da 3300 h'l . 
L'analyse de Peffluent gazeux en sortie de reacteur est reaiisee par 
chromatograpNe en phase gazeuse. Dans ces conditions, la etabWte du 

20 catalyseur est definie comme etanl le temps a partir duquel de racetylene 
est detect* en sortie de reacteur. La se lecthrite du catalyseur correspond a 
la teneur en ethylene de la charge apres elimination totale de racetylene. 
Les resultats obtenus sont rapportts dans le tableau I. 
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Tableau 1. Comparalaon daa parfomanoaa da a catafyaaura 
i g- g- D. B at F pour I'hydrogtnatlon d§ Vddtylan: 



Catalysaurs 


StablGt* das catalyseuri 
(hauros) 


Selectivity des 


Catalysaur A 
(selon 'Invention) 


10S 


08,2 


Catalyses B 
(salon nnvantlon) 


120 


98.3 


Catalysaur C 
(comparatif) 


6$ 


98.3 


Catatyseur 0 
(comparatif) 


66 


98.2 


Catafyseur E 
(salon (Invention) 


101 


98.3 


Catalysaur F 
(salon llnvantlon) 


121 


98,7 



5 

Ces r4sultata montrent clalrement qua las catalysaurs salon i 
Tinvantlon (catalysaurs A, B. E ou F) prdsentent das performances 
catalytlquas (stability at selectivity sup4rfeures A ceiies des catalysaurs 
monomltafflques (catalysaur C) ou coflas da catalysaurs ou rargant est 



1 0 r<§parti unHormdment dans fas billes da catalysaur (catalysaur 0). 

EXEMPLE a : Regeneration d'un catalysaur selon Tinvantlon 

Aprds utilisation du catalysaur* A pendant 120 heures dans las 
15 conditions da rexempit 7. la catalysaur A est r4g4n6r*. Dans cette 
procedure da regeneration la catatyseur est porta k 200 *C sous azote, 
puis trait* sous air dilu* k una temperature comprise antra 200 at 500 *C 
pour brtiler las composes hydrocarbon^ presents sur le catalysaur 
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Apres regeneration, les performances du catalyseur A rfg*n«r* sont 
*vaiu««» dane las conditions da rexemple 7. Las performances d'un tal 
systeme regenara sont rapportses dans la tableau 2 sulvant : 



reWeeu 2 * 



Catalyseura 



StabiHte das catalyseura 
(heures) 



105 



SelactMt* des 
eatalyseure (%) 



98,5 



Catalyseur A 
(s alon Hnvcntlon) 
Catalyseur A 
Reaenere 



Cas resullets montrent. qu'aux erreurt expdrimentatot pres. la 
catalyseur A reganer* prasente laa memae parformances en 
10 hydrogenaUon de raeatylena qua la catalyseur nauf. 
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REVEN0ICATI0N3 

1- Catalyseur, notamment pour I'hydrogenation selective de* 
hydrocarburss acetyldniquea an phase gazeuse. comprenant un support 

S rf alumine sous forme da billes ou d'extrud4s. du palladium, au molns un 
metal du groupa IB da la classification periodique st au moina un metal 
alcalin ou alcalino-terreux, caractarise an ca qua una proportion d'au 
molns 80 % du palladium at una proportion <fau mains 80 % du matal du 
groups 18 sont presentes dans un volume a la parlphsria du catalyseur 

10 delimit* par uns surface sphdrique ou cyllndrlque da rayon n 
correspondent au rayon moyan das billas ou dss extrudes da catalyseur at 
una surface spherique ou cyBndrtque de rayon r2 au molns egal a 0.8 n. 

2 - Catalyseur sston la ravendication 1 , caracterfsd an ca que ralumlns 
15 a una surface spadfiqua de 5 a 1 50 m2/g. 

3 - Catalyseur selon la revendication 1 ou 2 caracterise en ce que 
ralumine a una surface speofique de 5 a 80 m2/g. 

20 4 • Catalyseur salon Tuns dss revendlcations 1 a 3, caracterise" en ca 
qua sa teneur en panadlum est de 0,0 1 a 0,5 % en polds. 

5 . Catalyseur selon rune dss revendlcations 1 a 4 caracterise" en ca 
que la teneur en element du groupe IB est de 0,001 a 0,02 % an poids. 

25 

6 - Catalyseur salon tuna dss ravendications 1 a 4 caracterlse en ca 
que raiemem do groups tB est raroeni. 

7 . Catalyseur sslon I'une des revendlcations de 1 6 6 caracterise en ca 
30 que la teneur en metal alcalin ou alcalino-tarreux est de 0,05 % ft 0,2 % 

polds. 

8 . Catalyseur sslon Tune des ravendications de 1 ft 7 caracterise en ce 
que la rapport pondsral matal du groupa IB sur palladium est de 0.05 ft 0,4. 

35 
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9 • Catalys8ur selcn rune des revendication de 1 4 7 caract4ri$4 en ce 
que le rapport atomique mflai alcalln ou alcaiino-terreux sur palladium est 
de2&20. 

5 to - Procddd d*hydrog4nation selective en phase gazeuse d'au moins un 
hydrocarbure ac6tyldnique de 2 ou 3 atomes de carbone en hydrocarbure 
athyfdnique correspondant, caract4ris4 en ce que ion fait passer, en 
presence d'hydrogftne, en phase gaseuse une charge comprenant au 
moins un hydrocarbure acdtyWnlque de 2 ou 3 atomes de carbone sur un 

10 catalyseur seton rune des revendlcatlons 1 k 5. 
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